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£ CMOS 7>^ (variable gain amplifier; VGAH ^rtr 

^ ^^7ls-^-E^ °g^^>Ji 4 1 2 21 #<*H1 tq-el- 3.7} 

1- S^§>71 ^tr ^ ^ s)^, ^-71 ^-B- 5]SS-?-Ei^ #^ ^# <gaj*} 

<^ w}o|o^ ^ofl rc).5}. &<#SL3, 7>^ o]s.-g- c* 7 ] $ ^ ^ 

€-71!- if-^H ^l-f-^^, ^ ^-n- ^^Hr NMOS H^l^E^ t^e ^<y- 

cflal ^.eflolc}^ ^ ^ = 3 3.711- S^^H 7>^ ^v- ^<y- f^l-fr 

-°3L*1 ^g- ^i^<Hl^i ^-*r*Kr ^5|JL(IC)^ 7}£ o]S. ^S. 7 l7> afl^- 

S. 2 

7f 1 £ °m #^7l, ^<a-^^- ^^-71, ^ ^-ft 2)S, ^«r7l 
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7}^. ^l^- {Variable gain amplifier} 

£. l£- £ <4€- CMOS 7>^ ojs. ^7l^ 71^- ^-fr ^^*>7l ^tr 

£ 2^r -SH <4H 4^ CMOS 7>^ ojs. ^^7} 2] 3)^.5.. 

£ 3£r ^ ^A] oflofl n)- = CMOS 7>^ °}^r ^7} 2] $£.5.. 

S. 4^ oflofl nfs. CMOS 7>^ ojs. aa 7 |oj 

11 : £*7l 12 : s\S. 

13 : *H?f-*l«g- ^*7l 

41 : *H 1 W ^-5} 42 : *fl 2 ¥^ 

< 9 > ^-tg^. CMOS 7>^ ojs. ^S-7l (Variable Gain Amplifier; VGAHl €tr 53 AS, 

NM0S XMB ^<y- cfl«l ^eflo]^^ 3711- 7> 
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tt CMOS 7>*i ojs. ^7lofl ^ojcf. 
<10> CMOS ^^711- -gTim nfl a>=Al JI ^ Sfl o)i£ ^ A>*j-£ a]^ 

37H tfl^ ^IJr cflwl ^--g-^l^(Signal-to-Noise; SNR)^ ^s)-, ^^Hr 
(bandwidth)^ 3.71, ^fifl^-, ^*Hr (linearity)* J±#*Hr <^ ^IJl^I 3.71, 

.^--g- 2:^ ^(control voltage) ^ o]^ ^ UflCgain control range) ^] 

Sa^. S*V, s\sL6\) rfl*V £<&s) 9]^^ ufl*^ ^ 7 > &r}-. CMOS 3 

S^r ^ »^^7> ^7flSl dil7>7l# 100MHz oj^-g- 7H7l ^ *1 #th ZL^ 

Jl, M0S i*}^ ^ threshold) 3.71 ^ri^l afl^ nfl^-ofl <a#^ 37l7> 

<n> 14^1, 7-ld^wl S-^-i; 7 }*H ^'SHH ^wRr CMOS 7>^ o] 

^ ^^7l» ^^31 reintegrated Circuit)^. ^ 31*1-7] 
I^O] o]^J17> 7l#3 

^ tfl$ 7>^ O]^ ^S- 7 )±=-^- 4^}^ of ^51 ^ WH^^l ^Itb ^fl^ 

^-1- CMOS 7r£ 0]=. ^7l» ^IsRrC-ll oicf 
<13> -& cf^ -H-*^ ICS- vfl^ ^ 5^ ^ ^i7f ^ ^*\5\3. vfl^ 

CMOS 7>^ ol^ ^3-71!- ^^t-fl 
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<14> M. ^ofl CCfs 7>^ °1^T ^7l^r g£r fi^S] 

*1 2 #«?H| ^ #^ 3711- S^^>7l ^-ff- ^-fh SlS.^, ^-71 

7>^ °l^h|- oj 7 ) ^tr ^ff-^ ^7\mr If^^ ^l^-^^l 3* ^^-5- 

<i5> 6i*> t ^j=l^ -& yf^-^*v <m» ^$-0.3.^ -g- ^ 

^2} ^S. Cf^ Cf^tb ^EflS. ^€ 3°1^, ^) °fl*r 711^17]- 

S^VSL^ ^ ( o] 7l# ^O^Al ^Vo} *l^-§- 7>^1 7.H1711 ^-^*>7fl 

<16> £ l£r ^ t^ofl n}^ CMOS 7>^ o]^- #^71^ 71^ ^-§r ^^§>7l £^ 

, ^°d-(Vin+ ^ Vin-)* 3^3. ^^71^ ^^-^1^- ^^7l(V-I 

converter )(11), ^^71(11)5.^ #-ff-» ^^5>Jl *l<y-(Vc+ ^ 

Vc-)<H1 tcfsf H^Ti^ ^(transconductamce)!- SH^H ^i-ff-^1 3711- S^}^- *I 
^- ^-6- 3^.(12), ZLS^ji ^ ^ s\S.(12)S.^-B\ <y^^ ^^-1- *}o)o]^ ^-y-(Vb) 
oil 4sf ^^--^<a- €€-7l(I-V converter) (13) 3. 

<i7> £ 2^ ^ #^^1 °j d\]o\) 4^. CMOS 7>^ o]^ slSSS-Ai, n ^ 
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<18> ^-^iff- ^SMUDfe *fl 1 ^ *fl 2 ^^(R21 ^ R22)o.S ^Sl^cfl, ;*)] l ^ 

•%KR21)£- ^1 1 °^ ^i < y-(Vin+) 1 ii=(Q21) A>oH ^^Ji, 2 

(R22)£: 2 ^ ^i^-(Vin-) ^7><4 A 2 i^(Q22) ^}o}6\] ^4pgcf. 

<19> ^ ^-B- 3 5.(12)^ *l] 1 2^ ^(Vc+H] ^ T^^lir *fl 1 ^ *ll 2 NMOS B 

<ffl*l^Ei(N21 ^ N22)2}- 2 2^ ^(Vc-H 44 T 1 -^^ *fl 3 ^ *fl 4 NMOS B$ 
^l^Bi(N23 ^ N24)5. t^^M *)1 1 vfl^l *11 4 NMOS B<a4^4(N21 tfl^ N24)4 7fl°l 
e ^oj- cj|oicfo] ^ ^s.o^ H7 j S ^^4. i nmoS B$4^4(N21)ir 

^1 1 i^=(Q21)2j- 3 ic=(Q23) a>o]o]1 l ^ ^(Vc+H 44 

4. A 2 NMOS B^4^(N22)^ ^1] 2 iiJEi(Q22)4 4 i^E.(Q24) A>olofl *\] 
1 2*3 ^(Vct)^ 44 ^§^4. 3 NMOS B€4^4(N23)^r A 1 ^(021)4 *fl 
4 ^ -El (024) 4<>H ^S)d| ^1 2 2| ^(Vc-Hl 44 ^§^4. *fl 4 NMOS B€4 
^^(N24)^ *f| 2 ic:E.(Q22)4 3 i^E.(Q23) ^^p} ^ 2 2^ ^(Vc-Hl 

44 ^£4. 

<20> ^^71(13)^ A 3 ^ ^1 4 *1^(R23 ^ R24), 5 ^ ^) 6 NMOS B^ 

4^i(N25 ^ N26), ZL^JI *ll 1 ^ 2 ^if-^(Isl ^ Is2)S. ^^4. #Q ^} 
(Vdd)4 l #3 ^7>(Vo+) 4°H *n 3 ^*j-(R23)°l ^4^, #4(Vdd)4 *)1 

2 #3 #4(Vo-) 4°H1 afl 4 7-HKR24H ^=14. 1 #^ #4(Vo+)4 3 
tJ=(Q23) 4°H1 4°H^ ^<y-(Vbl)^ 44 ^Sl^r A 5 NMOS B314 ^ (N25)7> ^ 
^s]Jl, ^1 2 #^ #4(Vo-)4 4 ^(Q24) 4 0 l c Hi #<y-(VblH 44 ^ 

3tt *ll 6 NMOS B^4i4(N26)7}- ^^4. ^jl, *l] 3 i:. IE. (023) 4 ^^1 #4(Vss) 
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*> 6 H A 1 #fKl(IslH *11 4 ^=(Q24)Sf 3*1 ^>(Vss) A>oH *fl 2 ^ 

<21> # 7 }<2j- £oj ^ij- £ ^.rgofl o] = -i 7 )o} ^ *J-^ o. ^rg^Tg 

<22> *q 1 ^ *fl 2 ^«a-(Vin+ ^ Vin-)£ €*7l(ll)* ^*Rr *fl 1 



g afl 2 ^HHR21 ^ R22H1 i^afl ^^Jl, °1 ^ ^.o. 2)^.(12)5. 



<23> ^.o. ^5( 12 )^ 1 tfl^j 4 mmos B^l^E-K^l, N22, N23 ^ N24)l- 

°lir Hfli ^^-^ ^1-= ^IM (double balance source coupled pair) ^^S. ^^^}JL 
, ^ B^l^s] TflojH c^HI <?17>51^ ^<y-(Vc+ 31 Vc-)6\] o]Sfl 

(triode regionHH H^^^l- ^*t°-£-»] 7}^. <$_7\\ ^cf. A 

H^^l^B^ =eflol(drain)^ * =^ *I^Hr o]-Hfla) [^^1 l] ^ 4]2} 

<24> F 



Al 



<25> 



2] 



3] M[ ( ^4-M (i ?>4^) 2 ] 



<27> 
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<28> o^7H, v e =(^+)-(^-) ; ^c^rr/z,) je^^o) ^(threshold 

voltage) 0 ]^. 

<29> nj-efA^ ^-^ 5^(12)5.-^ tf-g- ^fr--^ Si#7l(13H| ^l7>5]^ *} 

* #^ ^(differential output current)^ [*r«H4 5]sf ^51, °) Sl-frc- #^ 

# Jf*H <^*fl ^(Vo^S. #s^tK 

<30> J^^J-Xj 5] 1 0 = 1 N2\ + 1 1 N22- 1 N13 

<3i> se^-, 2J- B^^l^Bl7> ^ ^(triode region)^ 6] 

oj7H, *«s^. zj- B^l^E^ 7llolH(gate)-4i^-^(source) V ° s t= 
(drain)-^_2.i(source) ^°>14. 

<34> ^fl-^tf ^71(13)^ #ff- ^-ff 2^(12)3.-^ «^*H #3 # 

^W^cil, A 1 5? *fl 2 *Hf-€(Isl ^ Is2)<Hl £]*fl «H<H^7} 
^^M, °}t= ^7}°\ (linearity) ^ ^\ ¥^ (driving 
capability)^ ^^l^cf. ^ ^Efl(curret inputted type) S. Sl^MI 91^ 

€ *)-ff SHH^ ^^17171 #*fl w>o]^^ ^^(VbD^ 711 ^•a-o.s. «a 



^*r^ *ll 5 ^ 6 NM0S (N25 ^ N26)^ 7>^ o]s. #^cH]^o] 



* 5-= (common mode) <^*M1 ^ *Vcf. 

<35> JE 3^ 5L 2ofl>H ^«:7l^ a^-fr 3]^- *H<H^H Al^^o] iL#£|fe 

>*IJL ^^1- 7>^]7l ^isfl M0S H 31*1 ^3 3. ^ iJLi 
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(differential source follower) <S^tr ^4 °1H CMOS 7> 

^ ojs. ^-3- 7] 3} 2}S.£^i, ±.$L^ <$2\^ + 2] 3.7}% Q JLE^H °> *}±r 

<36> ^^71(11)^ <g^ ^-y-^- <g^*Hr Xl 1 ^ Xl 2 NM0S 

B?i^iBKN301 ^ N302)2f *fl i ^ 2 ^^-€(Isl ^ Is2)°.S 

^^tl-. Xl 1 NMOS H^^l^Bi(N301)^ ^ ^^f(Vdd)^ Xl 1 2nJE.(Q31) vi- 
sion ^} i 0^ ^(Vin+Hl 44 ^S\JL, Xl 2 NMOS H^4^4 (N302)^ 
#41 #4(Vdd)4 Xl 2 ^H.(Q32) a>°H ^^sjo] ^ 2 ^(Vin-Hl 44 ^€ 
4. Xl 1 ^=(Q31)2f ^4 ^7>(Vss) 4<>HlTr *|) i *HH£(I S 1)4 3^4^, ^ 2 t 
^(032)4 3*1 ^>(Vss) 4<>HlTr Xl 2 3fRl(Is2)4 3^£4. 

<37> 5)S(12)^ Xl 1 ^(Vc+Hl ^-g^^r XI 3 ^ Xl 4 NMOS H 

iffl*l^£KN303 ^ N304)4 X) 2 *m(Vc-Hl 44 Xl 5 ^ Xl 6 NMOS H 

^^1^E^(N305 ^ N306)S. ^€4. XI 3 NMOS ^ (N303)^r XI 1 tS.(Q31)4 

XI 3 ii=(Q33) 4°H1 3^r44 *)1 1 ^(Vc+Hl 44 ^4^, XI 4 NMOS 

4^El(N304)^r XI 2 tI=(Q32)4 Xl 4 ixi=(Q34) 4°H1 XI 1 *l<y-(Vc+) 

°fl 44 ^r-f-^cf. XI 5 NMOS H^l^ (N305)^ XI 1 i^=(Q31)4 XI 4 ii^(Q34) 4 
°H 3^r44 XI 2 2| ^(Vc-Hl 421- ^-g-sl^l, XI 6 NMOS H^^]iEKN306)^ Xl 
2 ^JEL(Q32)4 ^1 3 2=.= (033) 4°H1 3^44 ^ 2 2:^ ^(Vc-Hl 44 ^44. 

<38> #^-$.<& ^4(13)^ Xl 1 ^ Xl 2 7]*j-(R31 *J R32), XI 1 uH'Hi ^(Vbl) 

ofl ^§-4^ XI 7 ^ XI 8 NMOS S.*a*l^Ei(N307 ^ N308), HE]ji Xl 2 4°H^ 

^M^W 44 ^4^ XI 9 ^ XI 10 NMOS H*ffl4^B|(N309 ^ N310)S ^44. 
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^XVdd)^ Xl 1 #3 #*KVo+) *}°}*\] x| i ^^-(R3i)ol ^5]ZL, 
(Vdd)^ Xl 2 #3 ^V(Vo-) *f 0 H X] 2 *HKR32)°1 3 ^€4. XI 1 #3 3v*KVo+) 
^ XI 3 ^J=(Q33) *}°M Xl 1 ^(VblHl nj-e} ^s]^ XI 7 NMOS H^*l 

^(N307)7V ^^Jl, X] 2 #^ ^V(Vo-)^ XI 4 ic.EL(Q34) a}o]6\) ^ 1 wj-o]<Xi 
^(VblHl XI 8 NMOS H31*]^Ei(N308)7> ^#s}cf . h^jl, Xl 3 tH 

(Q33)^ ^*1 ^>(Vss) A}oH XI 2 *I<y-(Vb2Hl ^ ^s\±r Xl 9 NMOS 2= 

Sfl^liBl(N309)7> XI 4 ^^(Q34)2f 3*1 #7>(Vss) ^ojofl x) 2 wfolo^ ^ 

<a-(Vb2)ofl a]-e|- ^-g-S)^ XI 10 NMOS H^^iE^ (N310)7> ^^t)-. 

<39> ^"71^- £o] ^^S]^ Mj^o} 4s ^a] oflofl ^ o)^ ^7]9\ 

ff- ^*7l(ll)^ XI 1 ^ XI 2 <y<3 ^<y-(Vin+ ^ Vin-)-8r °d ^ *}^r Xl 1 ^ Xl 2 

NMOS H<a*l^EKN31 ^ N32)sf o]^ t^sq. <£<j:g xl 1 ^ XI 2 *l^(Isl 

^ Is2)ofl S]Sfl XI 1 ^ XI 2 ^(Q31 ^ Q32)» ^-Sfl *lff-7> ^^tf. 

< 40 > £ 4^ £ 3^1^^ 7-1 f o s #a ^ s]^LS -g- ^ 

21 <M CMOS 7>^ o]^- ^71^1 3,5.3_*\ , n cf 

<4i> ^^71(11)^ «ya ^oj-g. ^ <y^Kr XI 1 ^ Xl 2 NMOS 

Bi£*l^Ei(N401 31 N402)5f Xl 1 ^ Xl 2 #^(Isl ^ Is2)^.S. ^€ ^ di-S-i 

^^cf. ;*)) 1 NMOS H^liEi(N401)^ ^(Vdd)^ Xl 1 i^(Q41) a> 

ojofl * 4-5)o] 1 ^oJ-(Vin+)<Hl ^ ^5\JL, Xl 2 NMOS H^l^Ei (N402)tt 

^7>(Vdd)2l- XI 2 ^=(Q42) *}°]°\] ^^£l<X XI 2 <im ^(Vin-H afe}- 
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cf. 41 1 ^=(Q41)4 3*1 #*KVss) A>o]ofl^ i ^^(Isl)ol 41 2 2t 

i=(Q42)4- 3*1 #*}(Vss) A>olofl^ 2 ^^(Is2)ol 3^€4. 

^-n- 3^(12)^ 41 1 2:^ ^(Vc+Hl 4^ 41 3 ^ 41 4 NMOS H 

^fl^l^E^(N403 £ N404)4- 41 2 2^ #<y-(Vc-)4l 4^ t 1 ^^ 41 5 $ 41 6 NMOS B 
^^l^Ei(N405 ^ N406)S. ^^t=k 41 3 NMOS B^l^El (N403)fe 41 1 ^£L(Q41)^- 
41 3 i^(Q43) *}o]6\] $4=-s\v] 4| i S ^ ^(Vc+H nfej- ^sIji, ^ 4 NMOS 
^l^El(N44)^ 41 2 ^^(Q42)^f 41 4 icJEL(Q44) A}o|ofl *fl 1 *i<y-(Vc+) 

41 ^ t^^. 41 5 NMOS H€*lieKN405)^- 41 1 ii^(Q41)^ 41 4 iiJ=(Q44) a> 
°H1 41 2 ^(Vc-H tH-sj- ^-g-slJi, 41 6 NMOS B 31*1 ^3 (N406)tt 41 

2 ^=(042)4- 41 3 ^=(Q43) *H4l 41 2 ^^(Vc-)4l 4^ ^-§-^H4. 

*i^-*I<y- ^«7l(13)^r 41 1 ^ 41 2 ^ ^*}(41 ^ 42), 41 1 «H<Hi 
(Vbl)4l ^ ^-^Slfe 41 7 ^ 41 8 NMOS B^l^ (N407 ^ N408), HSlJl 2 hW 
*i<y-(Vb2)4l 14-51- ^-f-sq^- 41 9 ^ 41 10 NMOS B31*liEl (N409 ^ N410)S ^ 
€4. #*KVdd)4- *\] 1 #^ ^KVo-O Af<44l 41 1 W -»MK4l)*r 

^4-(Vdd)4- ^1 5 i^E.(Q45) A>clofl ^^51^ 41 6 ^^(046)^ *i$Hl ttfe)- ^-^S]^ 
41 1 PMOS H^*l^Ei(P401), ^*KVdd)4- 41 6 ±B.(Q46) ^H4l 41 5 

^JEL(Q45)£l ^-el- ^sItt 41 11 NMOS B€'*l^El (N411) , ZLSlJL 41 6 i^JEE. 

(Q46)^ *H ^>(Vss) *}o]c]) 3 *i^(Is3) ^ *ll 1 711 41 ^(0401) 

3- ^€i4. #4-(Vdd)4- 41 2 #^ ^>(Vo-) a>°H 4) 2 ^ ^-^>(42) 

^KVdd)^ 41 7 ii=(Q47) ^H4l 8 L^EL(Q48)£| #^41 ^ ^ 

^1 2 PMOS H^liE-KP402), #*KVdd)s}- 41 8 ii=(Q48) Aj-olofl ^sjn} 
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*H 7 2t2E.(Q47)sl ?\$]o\} nj-e}- ^1 12 NMOS S^^l^B] (N412) , ZL£lJl ^| 8 t 

= (Q48)$r 3*1 #*KVss) A>ol<^] tg^ ^ 4 ^fi-^(is4) ^ *fl 2 ^aiMe) 

(C402)S. ^^cf. Xl 1 %% #7 r (Vo+)2}- XI 3 i^E=(Q43) *r°H XI 1 «r°l°l^ 
(VblH ^ Xl 7 NMOS B3H*l^Ei(N407)7} ^^5L)J1, *fl 2 #3 ^XVo-)^ 

*fl 4 lc=(Q44) A>oloil X) i wVojo^ ;£<y-(Vbl)<Hl 4^ t 2 -^^^ Xl 8 NMOS H€*l^ 
.(N408)7> 3^4. =LZ\3L, 4 3 ^=(Q43)^ 3*1 ^KVss) *}°H 2 H r °l<H^ 
<y-(Vb2H nfsl- Xl 9 NMOS H31*l^el (N409)7> Jl, 4 ii^(Q44)Sf 3 

*1 #7r(Vss) XI 2 wH°i^ #<y-(Vb2)°11 ttfel- ^s)fe 10 NMOS S^l^ 

(N410)7> 3^4. 

■g- ^<s] iE^-E- oflofl u}^ 7r £ o]s. ^7) SI ^^~^<^ ^71(13)^- 7-1 

^ ^ ^shs- ^l-g-^H #^ ^f-^-s.^ oi^. 3 7i ^ 7^«a- ^-^-4 

^r*Hr 7fl^ *r 21 4. ^, S. 4<M Xl 1 ^ Xl 2 PM0S H€*l^tH(P401 ^ 

P402)^ 11 * a|| 12 NMOS S^*l^iBl(N411 ^ N412)^- -XI 3 ^ Xl 4 #fr^(Is3 ^ 
is4H ^«fl t>H°l^I- ^-g-sfai, ^1 i 2 7fl2flX|E-KC401 ^ C402)<^1 ^*fi 

^r^Hr ^ o. 7 ]]^^-o. S m) 7lf o s ^ViL^ T^^, Jiois.^- y}^ ^-cfl 

^(wideband) *IM ^7> &7fl ^cf. ^, ^ 1 ^ ^ 2 PM0S B^S*li^(P401 ^ 

P402)^l e^^^o] c^ 7 ]. tfle^o] w-^o) 37 j 7> ^ o}^ *\-% 

4 ^^i^i£ €■ ^ 7>^ ^ <&o] jlo]^ ^o] 7}^}JL, 4 1 5J aj| 2 

PM0S H€*l^El(P401 3? P402)4 XI 11 ^ XI 12 NMOS B3l*l ^ (N411 ^ N412)£| Jf 

fll ^(negative feedback) 3^°H ^ Jitf *!fr efl^t^: -fr*l*}Xl 

£1H, S£ ^r^Hr ?11 2flA|€^( frequency compensation capacitance)* ^r-g-tK^^*! 
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^ s-^ 7^%V je^t ^ jjLs} PM0S — ^1 — ( P40 1 ^ P402)^ =efl<y^- 

distortion) ^ it}] ^ (high frequency bandwidth) ^ ^ CMOS 7>^ o]s. ^3. 

^ ^4. SEtr, ^ ^ ^g" <3<3 SE^r ^ofl 4^ X\s. 3.IL ^ °1 7 Brtr 
7Wn 014. 
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[3^* 1] 

#7l ^1^-^^- ^^7lS-^-B^ ^Sl-JL Xl 1 ^ Xl 2 £| ^<y-ofl 451- 

#3 3^ 37l# 2^*M ^fV £ft ^-fr ^ 

#7l *iff- ^-fr SlSS-^-E-l^ ^ og^^ ti >ol^i ^og-di nj-ej. ^ ^ 

<£$^ 7]-^ ojs-g- 037) 3R> 3Hf-^ ^7]i- 01=01^1 3}^ s. 

<5>tt 7>^ ojs. -^ 7] 
2] 

*ll 1 %H1 Sl^H, #7l ^^-71^ Xl 1 <83 

211 2 ^S. 7] ^ Xl 2 7^J-o.S 0)^.01^] ^ ^o S 

^ 7>S ojs. ^7]. 
3] 

211 1 ^Hl 5fl°H, #71 *i<y-?ifT- ^^-71^ ^>S)- Xl 1 A>o]ofl 

4>7l ^ 1 ^ #°H| n}^ XI 1 NM0S H^^l^; 

#71 ^-^ ^>sq- xl 2 #3 ^7} A>oio]i #7] Xl 2 ^3 #<SH1 

^Sl-b XI 2 NMOS H^^l^iEi; 

#71 XI 1 #3 ^7>Sq- ^ ^-7> Aj-O]^ ^^5} XI 1 2jff^; ^ 
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*H 2 #3 ^>sf 3*1 AH oil ^1 2 ^fRjiLii. ol^^l ^ °- 

^HJilJL *H=- 7>^ ol^. ^71. 
[^^J- 4] 

*H 1 &°H, *lff- ^-ft- 5\sL±r *\] 1 °J ^ *fl 1 #3 #7} A>o] 

°fl *H 1 2^ #«£H| nj-aj. ^5)^- *fl 1 NMOS B$*l^; 

2 <^ #7}sq- Tfl 2 #^ ^7} A\o]o)) ^4-B]o] # 7 ] ^1 i ^ t^e}- 
*(| 2 NMOS ; 
^7} ^11 1 i£7}2± 2 #^ ^> a^H ^S]^ ^ 2 Si *1<£H1 n}- 

21- 3 NMOS H«iEi; 

^-71 7% 2 &7}2± %7) A 1 #3 A>olofl # 7 ] ^) 2 2^ 

^1 4^ *ll 4 NMOS H^l^S °l^-o^, A] 1 tfl*} x 4 NMOS 

#^7l. 

51 

o)6\] %4?$6\ v\o)o]^ ^oj-ofl ^ A) i NMOS H^l^&| ; 

A 2 ^7} 9}- 2 ^7} a\o}6\] ^4?s\o] a o v 7 ] a>o]oi^ ^<y-ofl tq-ef ^ 
^] 2 NMOS 

^71 ^ 1 ^> ^ ^"71 2 #3 #7}S>1- #7} A>olofl Zj-zf ^ 

1 ^ ^1 2 ^ 
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#7l A 1 £ *fl 2 ^>2]- ^ Al-cH] ^ 34=^ 1 ^ 2 

6] 

A 1 Si^l, #7l ^ff-^ ^7)^ I <$n ^7>Sf 1 #?3 ^> A> 

°H1 3^r3«H *ll 1 tiH^^ ^oj-ofl nq-ef l NM0S B^l^; 

2 #7}2}- *fl 2 #3 #7> A>o]oll ^^5]o^ $-7] A 1 Wj-olo]^ ^oj-ofl 4 

^ ^^tt 2 NM0S H^l^Ei; 

#7} A 1 °m ^x] A>o]ofl %4-S\o] A 2 4°H^ 44 ^ 

-g-s]^ ^1 3 NM0S JE€4^4; 

#7l *\) 2 #71 3*1 Alolofl ^£]o) #7) *fl 2 4°H^ ^oj- 

T 1 ^^ *H 4 NM0S H^4^ ; ^ 
#71 A 1 ^ A 2 ^ &X\9\- t£t\ a\o]6\] z^yj- 34=^ ^1 i ^ ^1 2 Jf*V 

T^l °l^f-<H*l ^ ^ ol^. ^7l. 

7] 

6 *<H1 5^*1, #71 ^1 1 ^ ^1 2 ^Sf ^ 7^J-o] s^io S ^ 

8] 

^1 6 %H1 9X°]*\, #7l *f| 1 ^ *fl 2 ^f*} #44 ^ ^7} A> 

°H ^1 1 ^=4 #4°fl 421- ^4^r PM0S HSH^l^Bl; 
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NMOS ^ 
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